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ENDOSCOPE OBJECTIVE LENS UNIT AND
ENDOSCOPL

TECHNICAL FIELD

The present invention relates to an endoscope objective
lens umit and an endoscope.

BACKGROUND ART

Today, endoscopes are used to examine biological tissue
inside a human body. An endoscope includes an image
sensor that captures an 1image of a biological tissue 1llumi-
nated with i1llumination light and an objective lens umit
attached to the 1image sensor, at a distal end portion that 1s
inserted mnto a human body. Since the objective lens unit
needs to be very small and have high optical performance in
order to reduce the size of the distal end portion, it 1s often
configured with a small number of lenses.

For example, there 1s a known endoscope objective lens
that includes a front lens group, a diaphragm, and a rear lens
group 1n order from an object side, 1n which the front lens
group 1s composed of a negative lens and a positive lens
having a surface with a small curvature radius on the object
side 1in order from the object side, and the rear lens group 1s
composed of a positive lens having a surface with a small
curvature radius on the image side and a cemented lens 1n
which a positive lens and a negative lens are cemented, and
there 1s a predetermined relationship between a focal length
{ of the entire system and a focal length 1, of the positive lens
in the rear lens group (Patent Document 1).

According to the above endoscope objective lens, 1t 1s said
that a lens having a wide angle, a small outer diameter, and
a low maximum light beam height of the first lens can be
provided.

CITATION LIST

Patent Literature

Patent Literature 1: JP 4245985 B2

SUMMARY OF INVENTION

Technical Problem

In a general endoscope system, 1n many cases, a light
source device for illumination light that illuminates a bio-
logical tissue 1s provided 1n a processor separate from the
endoscope, and a distal end portion 1s composed of a light
guide cable extending from the light source device and a
light distribution lens provided at an end of the light guide
cable. On the other hand, a light source device such as an
LED may be mounted at a distal end portion of the endo-
scope.

FIG. 1 1s a diagram 1illustrating an example of a configu-
ration of a distal end portion of an endoscope system in
which a light source device 34 1s mounted on a distal end
portion 12 of an endoscope. The light source device 34
extends from an operation unit or a processor, and 1s
connected with a power supply control line 36 that supplies
power and controls turning on and ofl. The light source
device 34 1s provided near an objective lens unit 32. An
image sensor 30 1s provided on a rear side (opposite side
from the front end side) of the objective lens unit 32. In such
a configuration, when the objective lens unit 32 1s minia-
turized 1n order to further reduce the size of the distal end
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portion 12, the outer diameter of the objective lens unit 32
1s reduced and this also shortens the length of the objective
lens unit 32 along the optical axis. The image sensor 30 1s
disposed on the rear side of the objective lens unit 32 whose
length 1s shortened. However, when the image sensor 30 1s
arranged on the more distal end side so that the image
formed by the objective lens unit 32 can be received by the
image sensor 30, there 1s a case where the image sensor 30
cannot be arranged due to interference with the light source
device 34. Even when the image sensor 30 can be arranged
on the front end side, there may be a case where the related
member including a cooling unit for cooling the light source
device 34 interferes with the image sensor 30 because the
objective lens unit 32 1s shortened and a space for providing
the related member cannot be secured.

Therefore, the present invention has an object to provides
an endoscope objective lens unit having an elongated con-
figuration so that a light source device and related members
can be disposed at a distal end portion of an endoscope while
maintaining good optical performance, and an endoscope
including the endoscope objective lens.

Solution to Problem

One embodiment of the present invention 1s an endoscope
objective lens unit. Hereinafter, reference numerals of cor-
responding parts in the embodiment illustrated in FIG. 2 are
shown 1n parentheses as an example. The endoscope objec-
tive lens unit includes at least a front lens group having a
negative refractive power (front lens group G1), a dia-
phragm (diaphragm 42), and a rear lens group having a
positive refractive power (rear lens group G2), in order from
an object side.

The front lens group (front lens group G1) includes at
least a negative lens (negative lens 1.1) having a concave
surface facing an 1mage side and a positive lens (positive
lens 1.2) having a convex surface on the object side, and the
rear lens group (rear lens group G2) includes at least a
positive lens (positive lens LL3) having a convex surface
facing the 1mage surface side, and a cemented lens in which
a positive lens (positive lens 14) and a negative lens
(negative lens L5) are cemented (cemented lens 46).

In a case where a focal length of the front lens group (front
lens group G1) 1s 1., a focal length of the rear lens group
(rear lens group G2) 1s 15, and a focal length of the positive
lens (positive lens L.3), in the rear lens group (rear lens group
(G2), closest to the diaphragm (diaphragm 42) 1s 15, follow-
ing expressions (1) and (2) are satisfied.

_1.6<fp/fr<—1.2 (1)

—1.3<fy/f<=0.7 (2)

In a case where an average focal length of the positive
lens 1n the endoscope objective lens unit 1s 1, and a focal
length of the entire system of the endoscope objective lens
unit 1s 1, a following expression (3) 1s preferably satisfied.

fplf<2.5 (3)

When the focal length of the positive lens (positive lens
[.2) in the front lens group (front lens group G1) 1s 1,, and
the focal length of the enftire system of the endoscope
objective lens unit 1s 1, the following expression (4) is
preferably satisfied.

2.0<£,/f<3.0 (4)

The front lens group preferably includes a negative lens
(negative lens 1) and a positive lens (positive lens [L2)
arranged 1n order from the object side.
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In the rear lens group (rear lens group G2), the positive
lens (positive lens LL.3) having the convex surface facing the
image side preferably has a plane surface on the object side,

the cemented lens (cemented lens 46) 1s preferably a lens
having a configuration in which the positive lens (positive
lens IA) having a convex surface facing the object side and
the negative lens (negative lens L3) having a concave
surface facing the image surface side are cemented, and
the rear lens group (rear lens group G2) preferably
includes the positive lens (positive lens 1.4) having the
convex surface facing the image surface side and the
cemented lens (junction lens 46), 1n order from the object
side.

Another aspect of the present invention 1s an endoscope.
The endoscope 1ncludes

the endoscope objective lens unit,

an 1mage sensor for receiving an object image formed by
the endoscope objective lens unit, and

a light source unit that 1lluminates the object.

Advantageous Elflects of Invention

According to the endoscope objective lens unit described
above, an endoscope objective lens unit 1s realized to be
configured elongated so that a light source device and
related members can be arranged at the distal end portion of
the endoscope while maintaining good optical performance.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram schematically illustrating an example
ol a configuration of an endoscope equipped with an endo-
scope objective lens unit.

FIG. 2 1s a diagram 1llustrating an example of an arrange-
ment of optical elements of the endoscope objective lens
unit according to an embodiment.

FIGS. 3(a) to 3(e) are diagrams 1llustrating a lens con-
figuration diagram and various aberration diagrams of a first
embodiment.

FIGS. 4(a) to 4(e) are diagrams 1llustrating a lens con-
figuration diagram and various aberration diagrams of a
second embodiment.

FIGS. 5(a) to 5(e) are diagrams 1llustrating a lens con-
figuration diagram and various aberration diagrams of a
third embodiment.

FIGS. 6(a) to 6(e) are diagrams 1llustrating a lens con-
figuration diagram and various aberration diagrams of a
fourth embodiment.

FIG. 7 1s a diagram 1llustrating a configuration in speci-
fications of the first to third embodiments.

FIG. 8 1s a diagram 1illustrating a configuration according,
to specifications of the fourth embodiment.

DESCRIPTION OF EMBODIMENTS

Hereinaiter, an endoscope objective lens unit and an
endoscope according to embodiments will be described with
reference to the drawings. FIG. 1 1s a diagram schematically
illustrating an example of a configuration of an endoscope
equipped with an endoscope objective lens unait.

An endoscope 10 mainly includes a distal end portion 12,
a {irst flexible tube 14, an operation unit 16, a second flexible
tube 18, and a connector 20.

The distal end portion 12 includes at least an 1mage sensor
30 that receives light from an 1mage of a biological tissue
and captures the 1mage, an objective lens unit 32 that forms
an 1mage of the biological tissue on an 1maging surface of
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4

the 1mage sensor 30, and a light source unit 34 that 1s
provided near the objective lens unit 32 and illuminates the
biological tissue. In addition, the distal end portion 12 may
include an ultrasonic diagnostic probe, an opening for dis-
charging fluid such as water or air, or sucking liquid on the
biological tissue.

The first flexible tube 14 includes therein at least a signal
line for transmitting an 1maging signal of the image sensor
30, a power supply control line 36 for operating the image
sensor 30 and the light source device 34, and various tubes
through which liquid flows.

The operation unit 16 1s a part that allows a practitioner
to operate the distal end portion 12 so that the distal end
portion 12 1s placed facing a predetermined position of the
biological tissue to observe the biological tissue and treat the
biological tissue as necessary.

The second tlexible tube 18 includes therein at least a
signal line for transmitting a light reception signal of the
image sensor 30 and a control line for operating the image
sensor 30 and the light source device 34.

A processor 22 processes imaging signals transmitted via
the operation unit 16, the second flexible tube 18, and the
connector unit 20, generates an 1mage of the biological
tissue, and outputs the image. Further, the processor 22
outputs a control signal for controlling operations of the
light source device 34 and the image sensor 30.

At the distal end portion 12, an endoscope objective lens
umt (hereinafter referred to as an objective lens unit) 32
having an elongated configuration with which the light
source device 34 and related members can be disposed at the
distal end portion 12 of the endoscope 10 while maintaining
preferable optical performance 1s used. Hereinafter, the
objective lens unit 32 will be described. FIG. 2 1s a diagram
illustrating an example of the configuration of the objective
lens unit 32 according to the present embodiment.

The objective lens unit 32 illustrated 1n FIG. 2 has at least
a front lens group (1, a rear lens group G2, and a diaphragm
42. Each lens constituting each lens group G1, G2 has a
rotationally symmetric shape about an optical axis AX of the
objective lens unit 32. The diaphragm 42 and an optical filter
44 are provided between the front lens group G1 and the rear
lens group G2. Further, a cover glass 40 1s provided on the
light recerving surface (1mage surface) side of the image
sensor 30 from the rear lens group G2. The cover glass 40
1s a component provided on the object side of the image
sensor 30. In FIG. 2, the focal position of the objective lens
unit 32 1s indicated by “x” on the image surface side of the
cover glass 40.

The optical filter 44 1s a near infrared and infrared cut-oft
f1lter.

In the objective lens unit 32, the front lens group G1, a
diaphragm 42, and the rear lens group G2 including an
optical filter 44 are provided in order from the object side to
the 1image surface side; however, the optical filter 44 1s not
limited to this order.

Note that the objective lens unit 32 having at least the
front lens group G1, the rear lens group G2, and the
diaphragm 42 may include the optical filter 44 and the cover
glass 40 and a configuration 1n which an optical element
having no optical power 1s added may be included.

Therefore, 1n one embodiment, the front lens group G1,
the rear lens group G2, the cover glass 40, and the dia-
phragm 42 are provided. In another embodiment, a front lens
group G1, a rear lens group G2, a cover glass 40, a
diaphragm 42, and an optical filter 44 are provided. In
another embodiment, a front lens group (1, a rear lens group
(G2, a diaphragm 42, and an optical filter 44 are provided.
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The front lens group G1 1s a lens group having negative
refractive power on the object side with respect to the
diaphragm 42. The front lens group G1 includes at least a
negative lens L1 having a concave surface facing the image
surface side and a positive lens 1.2 having a convex surface 35
facing the object side. The description that the front lens
group G1 includes at least the negative lens L1 and the
positive lens .2 means that other lenses having substantially
no optical power may be included.

The rear lens group G2 is a lens group having a positive 10
refractive power on the 1mage surface side with respect to
the diaphragm 42. The rear lens group G2 includes at least
a positive lens L3 having a convex surface facing the image
surface side, and a cemented lens 46 1n which a positive lens
.4 and a negative lens LS are cemented. The description that 15
the rear lens group G2 includes at least the positive lens L3
and the cemented lens 46 means that other lenses having
substantially no optical power may be included.

According to one embodiment, as illustrated 1n FIG. 2, the
negative lens L1 has a plane surface on the object side, the 20
positive lens L2 has a plane surface on the image surface
side, the positive lens L3 has a plane surface on the object
side, the positive lens L4 has a convex surface on the image
surface side and a convex surface on the object side, and the
negative lens LS has a concave surface on the image surface 25
side and a concave surface on the object side.

In the objective lens unit 32 including the front lens group
(1 and the rear lens group G2 having such a configuration,
when the focal length of the front lens group G1 1s 1, the
focal length of the rear lens group G2 1s {,, and the focal 30
length of the positive lens L3, which 1s the lens closest to the
diaphragm 42 1n the rear lens group G2 is 15, the shape, size,
and arrangement position of each lens are set to satisty the
tollowing expressions (1) and (2).

335
—1.6<fn/fpr<-1.2 Expression (1):

—-1.3<f3/f<-0.7 Expression (2):

The objective lens unit 32 that satisfies the above expres-
s1ons (1) and (2) can have an elongated configuration so that 40
related members such as the light source device 34 and a
cooling unit can be provided at the distal end portion 12 of
the endoscope 10 while maintaiming preferable optical per-
formance. At this time, 1n order for the image sensor 30 at
the distal end portion 12 having a small endoscope size to 45
widen the field of view and efliciently 1mage the biological
tissue, according to one embodiment, the angle of view 1s
preferably 100 degrees or more and about 170 degrees or
less. When the objective lens unit 1s elongated, the viewing
angle generally tends to be narrowed; however, the objective 50
lens unit 32 that satisfies the expressions (1) and (2) can have
a wide field of view even made 1n an elongated shape.

When 1./1, 1s set to —1.6 or less, the negative refractive
power ol the front lens group G1 (heremafter, the refractive
power 1s referred to as power) becomes weak, and the 55
viewing angle becomes narrower. To widen the viewing
angle, the outer diameter of the front lens group G1 may be
increased; however, this makes diflicult to form the objec-
tive lens unit 32 elongated.

On the other hand, when 11, 1s set to —1.2 or more, the 60
positive power of the rear lens group G2 becomes weak, so
the overall length of the objective lens unit 32 becomes long,
and this 1s not preferable when the 1image sensor 30 and the
objective lens unit 32 are arranged at the small distal end
portion 12. 65

From the above point of view, 1./1, 1s less than -1.2,
preferably —1.25 or less, more preferably —1.3 or less, and

6

particularly preterably —1.35 or less. Further, 1./1, 1s larger
than —1.6, preferably —1.55 or more, and more preferably
—-1.51 or more.

When 1,/1-1s setto —0.7 or more, the power of the positive
lens L3 closest to the object side in the rear lens group G2
increases, and this may olften cause a larger change in the
asymmetric image surface curvature of the entire objective
lens unit 32 due to the eccentricity of the positive lens L3.
Further, since the negative power of the front lens group G1
becomes weak, the focal length of the front lens group G1
becomes long, and accordingly, the focal length of the rear
lens group G2 becomes long and the exit pupil distance
becomes short. From such a point of view, 1,/1 1s less than
-0.7, and 1,/1,. 1s preferably -0.75 or less, and more pret-
erably —-0.8 or less.

On the other hand, when 1,/1,. 1s set to —1.3 or less, since
the positive power of the positive lens L3 closest to the
object 1n the rear lens group G2 1s weakened, the imaging
magnification 1s increased, and this causes a larger change in
the asymmetric image surface curvature of the entire system
of the objective lens unit 32 due to the change 1n the light
beam caused by the eccentricity of the front lens group G1.
Further, since the negative power of the front lens group G1
1s 1ncreased, 1t becomes difficult to correct coma aberration
and distortion aberration occurring in the front lens group
G1. From such a point of view, 1;/1. 1s larger than -1.3,
preferably —1.2 or more, more preferably —1.1 or more, and
preferably —1.0 or more.

Moreover, when the average value (simple average value)
of the focal lengths of the positive lenses 1n the objective
lens unit 32 1s 1, and the focal length of the entire system of
the objective lens umt 32 1s 1, it 1s preferable that the shape,
s1ze, and arrangement position of each lens are set to satisiy
the following expression (3).

Jpf<2.5 Expression (3):

When {,/11s 2.5 or more, the power of the positive lens
in the objective lens unit 32 becomes small, and the mag-
nification greatly changes. For this reason, the change 1n the
focal length of the entire system of the objective lens unit 32
caused by the thickness of the positive lens or the change 1n
the distance between the lenses 1n the front and rear of the
optical axis AX direction of the diaphragm 42 becomes
large, and this may often cause a large change 1n the viewing
angle. From such a point of view, 1,/1 1s preferably less than
2.5, more preferably 2.0 or less, and even more preferably
1.9 or less.

Although there 1s no restriction 1n the mimimum of 1,/1,
t,/T1s 1.65 or more according to one embodiment, and 1.7
or more according to one embodiment.

In addition, when the focal length of the positive lens 1.2
in the objective lens unit 32 1s set to 1,, 1t 1s preferable that
the shape, size, and arrangement position of the lens are set
so as to satisly the following expression (4).

2.0<f5/f<3.0 Expression (4):

When 1,/1 1s set 3.0 or more, the power of the positive lens
[.2 becomes weak, so the negative power of the front lens
group (1 increases, and this may often cause a great change
in the 1mage surface curvature due to the eccentricity of the
front lens group G1. Alternatively, since the magnification of
the rear lens group G2 1s increased, the change 1n the focal
length of the entire system of the objective lens unit 32
caused by the change 1n the distance between the lenses 1n
the front and rear of the optical axis AX direction of the
diaphragm 42 becomes large, and this may oiften cause a
large change 1n the viewing angle. From such a point of
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view, 1,/1 1s preferably less than 3.0, more preferably 2.9 or
less, even more preferably 2.7 or less, and particularly

preferably 2.65 or less.

When 1,/11s 2.0 or less, the power of the positive lens L2
of the front lens group G1 becomes stronger, the curvature
radius of the convex surface of the positive lens L2 becomes
smaller, and the 1image surface curvature due to the eccen-
tricity of the positive lens itself of the front lens group G1
1s increased. From such a point of view, 1,/1 1s preferably
greater than 2.0, more preferably 2.1 or more, even more
preferably 2.2 or more, and particularly preterably 2.3 or
more.

According to one embodiment, as illustrated in FIG. 2, it
1s preferable that the negative lens L1 and the positive lens
[.2 are arranged 1n order from the object side 1n the front lens
group G1. The positive lens L2 1s a positive power lens
having a convex surface facing the object side and, since a
plane surface can be made to face the 1image surface side, a
change 1n magnification of the rear lens group G2 due to a
change 1n lens thickness, that 1s, a change in the field of view
can be suppressed.

According to one embodiment, as 1llustrated 1n FIG. 2, the
positive lens L3 has a plane surface on the object side, and
the cemented lens 46 1s formed by cementing the positive
lens TA with a convex surface on the object side and the
negative lens L5 with a concave surface on the image
surface side. In other words, the object side surface of the
cemented lens 46 15 a surface of the positive lens .4 having
a convex surface facing the object side, and the image
surtace side surface of the cemented lens 1s a surface of the
negative lens L5 having a concave surface facing the image
surface side. At this time, in the rear lens group G2, it 1s
preferable that the positive lens .3 and the cemented lens 46
including the positive lens L4 and negative lens 5 are
arranged 1n order from the object side.

By making the object side surface of the positive lens 1.3
a plane surface, a change i magnification of the rear lens
group G2 due to a change 1n lens thickness, that 1s, a change
in the viewing angle can be suppressed. Furthermore, by
using a cemented lens 46 that combines a positive lens 14
with the convex surface facing the object side and a negative
lens LS cemented with the positive lens L4, chromatic
aberration can be corrected while suppressing changes 1n the
emission angle from the cemented lens 46.

According to one embodiment, preferably, as illustrated 1n
FIG. 2, 1n the front lens group G1, the lenses L1 and L2 are
arranged so that the concave surface on the image surface
side of the negative lens L1 and the convex surface on the
object side of the positive lens L2 are adjacent to each other
so as to face each other and, 1n the rear lens group G2, the
positive lens L3 and the cemented lens 46 are arranged so
that the convex surface on the image side of the positive lens
[.3 and the convex surface on the object side of the positive
lens 1.4 of the cemented lens 46 are adjacent to each other
so as to face each other.

First to Fourth Embodiments

Specific numerical examples of the objective lens unit 32
configured as described above are described 1n Tables 1 to
4 below (the first to fourth embodiments). On the other hand,
a lens configuration diagram and various aberration dia-
grams ol the objective lens umt 32 are illustrated 1in FIGS.
3 to 6. In FIGS. 3 to 6(a), the diaphragm 42 1s not 1llustrated.
FIGS. 3 to 6(b)-(e) 1llustrate various aberration diagrams of
the first to fourth embodiments. The configurations of the
first to third embodiments are as illustrated 1n FIG. 2. FIG.
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7 1s a diagram 1illustrating configuration information in the
specifications of the first to third embodiments. The lens
configuration of the fourth embodiment 1s as illustrated 1n
FIG. 8. FIG. 8 1s a diagram 1illustrating configuration infor-
mation 1n the specification of the fourth embodiment.

Among the aberration diagrams in FIGS. 3 to 6(b)-(e), (b)
illustrates spherical aberration and axial chromatic aberra-
tion at the line d (588 nm), line g (436 nm), and line C (656
nm). (¢) illustrates magnification chromatic aberration at the
line d, line g, and line C. In (b) and (c¢), the solid line
indicates the aberration at the line d, the dotted line indicates
the aberration at the line g, and the alternate long and short
dash line indicates the aberration at the line C. (d) illustrates
astigmatism. In (d), the solid line indicates the sagittal
component (S), and the dotted line indicates the meridional
component (M). (e) illustrates distortion aberration. Fe indi-
cated 1n the aberration diagrams represents an eflective F
number. Y represents an image height.

FIGS. 3 to 6(b)-(d), the vertical axis represents the 1mage
height (mm), and the horizontal axis represents the aberra-
tion amount (mm). FIGS. 3 to 6(e), the vertical axis repre-
sents the 1mage height (mm), and the horizontal axis repre-
sents the distortion rate.

The specifications of the first embodiment are as
described 1n Table 1 below. FIG. 3(a) illustrates the con-
figuration, and FIGS. 3(b) to 3(e) illustrate various aberra-
tion diagrams of the first embodiment. In Table 1, NO
represents the surface of the optical element such as the lens,
diaphragm, optical filter, cover glass, etc. illustrated in FIG.
7, R represents the curvature radius (mm) of the surface, and
D represents the distance (mm) along the optical axis AX
from each surface to the surface adjacent to the image

surface side. In the curvature radius R, a positive value
represents a surface convex toward the object side, and a
negative value of R represents a surface convex toward the
image surface side. In Table 1, the distances D of NO1 to
NO12 are the distances of D1 to D12 defined 1n FIG. 7. N(d)
represents the refractive index at the line d, and vd repre-
sents 1ts Abbe number. I 1n Table 1 represents the focal
length (mm) of the entire system of the objective lens unit
32. The first embodiment described 1n Table 1 includes
seven lenses, optical filters, and cover glasses. In Tables 2
and 3, each specification 1s described 1n the same format as

Table 1.

TABLE 1
NO R D N(d) vd
1 INFINITY 0.240 1.88300 40.8
2 0.765 0.490
3 1.786 1.200 1.77250 49.6
4 INFINITY 0.000
5 Diaphragm INFINITY 0.024
6 INFINITY 0.240 1.52249 59.8
7 INFINITY 0.682 1.77250 49.6
8 -1.324 0.040
9 2.734 0.823 1.72916 54.7
10 -1.012 0.400 1.84666 23.8
11 5.849 1.109
12 INFINITY 0.320 1.52249 59.8
13 INFINITY —
Effective I number Fe 6.3
Focal length 1 1.00
Magnification -0.121
Half angle of view (degrees) 74
Image height (mm) 1.08
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The specifications of the second embodiment are as
described 1n Table 2 below. FIGS. 4(b) to (e) illustrate
various aberration diagrams of the second embodiment.

TABLE 2
NO R D N(d) vd
1 INFINITY 0.470 1.88300 40.8
2 0.783 0.456
3 1.907 1.221 1.77250 49.6
4 INFINITY 0.000
5 Diaphragm INFINITY 0.024
6 INFINITY 0.392 1.54200 63.%8
7 INFINITY 0.622 1.77250 49.6
8 -1.450 0.217
9 2.378 1.176 1.72916 54.7
10 -1.064 0.549 1.84666 23.8
11 4.661 0.722
12 INFINITY 0.314 1.52249 59.8
13 INFINITY —
Effective F number Fe 6.3
Focal length 1 1.00
Magnification -0.122
Half angle of view (degrees) 72.5
Image height (mm) 1.06

The specifications of the third embodiment are as
described 1n Table 3 below. FIGS. 5(b) to (e) illustrate

various aberration diagrams of the third embodiment.

TABLE 3
NO R D N(d) vd
1 INFINITY 0.472 1.88300 40.8
2 0.775 0.464
3 2.009 1.259 1.77250 49.6
4 INFINITY 0.000
5 Diaphragm INFINITY 0.024
6 INFINITY 0.394 1.54200 63.8
7 INFINITY 0.614 1.77250 49.6
8 -1.434 0.212
9 2.444 1.181 1.72916 54.7
10 -1.093 0.551 1.84666 23.8
11 4436 0.767
12 INFINITY 0.315 1.52249 59.8
13 INFINITY —
Effective I number Fe 6.3
Focal length 1 1.00
Magnification -0.121
Half angle of view (degrees) 73.1
Image height (mm) 1.07

The specifications of the fourth embodiment are as
described 1n Table 4 below. FIG. 6(a) 1llustrates a configu-
ration, and FIGS. 6(b) to 6(e) 1llustrate various aberration
diagrams of the fourth embodiment. In Table 4, NO repre-
sents the surface of the optical element such as the lens,
diaphragm, optical filter, cover glass, etc. illustrated in FIG.
8, R represents the curvature radius (mm) of the surface, and
D represents the distance (mm) along the optical axis AX
from each surface to the surface adjacent to the image
surface side. In the curvature radius R, a positive value
represents a surface convex toward the object side, and a

negative value represents a surface convex toward the image
surface side. In Table 4, the distances D of NO1 to NO13 are

the distances of D1 to D13 defined in FIG. 8. N(d) represents
the refractive index at the line d, and vd represents 1ts Abbe
number. In the fourth embodiment illustrated in Table 4,
seven optical elements are provided. 1 represents the focal
length (mm) of the entire system of the objective lens unit

32. In the fourth embodiment, as illustrated in FIG. 8, an
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optical filter 45 1s disposed between the negative lens LS and
the cover glass 40 1n place of the optical filter 44 illustrated
in FIG. 7.

TABLE 4
NO R D N(d) vd
1 INFINITY 0.472 1.88300 40.8
2 0.784 0.456
3 2.014 1.258 1.77250 49.6
4 INFINITY 0.000
5 Diaphragm INFINITY 0.024
6 INFINITY 0.998 1.77250 49.6
7 -1.370 0.157
8 2.425 0.975 1.72916 54.7
9 —-1.045 0.550 1.84666 23.8
10 4.480 0.079
11 INFINITY 0.393 1.54200 63.8
12 INFINITY 0.549
13 INFINITY 0.314 1.52249 59.8
14 INFINITY —
Effective I number Fe 6.2
Focal length 1 1.00
Magnification -0.121
Half angle of view (degrees) 72.2
Image height (mm) 1.07

As can be seen from the aberration diagrams illustrated 1n
FIGS. 3 to 6(b)-(e), 1t can be evaluated that any of the
aberration characteristics of the first to fourth embodiments
has pretferable characteristics.

The values for the conditional expressions of the first to
fourth embodiments are described 1n Table 5 below.

TABLE 5
First Second Third Fourth
embodiment embodiment embodiment embodiment
f-/1p -1.51 -1.45 -1.35 -1.38%
f1/15 —0.82 —0.97 -1.02 —0.97
f,/T 1.71 1.84 1.89 1.82
/1 2.31 2.47 2.60 2.61

As described 1n Table 5, the first to fourth embodiments

satisly the above expressions (1) and (2).

Thus, the objective lens umit satistying the above expres-
sions (1) and (2) can maintain good aberration characteris-
tics while reducing the diameter of the objective lens unait.
Therefore, an elongate configuration in which the light
source device 34 and related members can be arranged at the
distal end portion 12 of the endoscope 1s realized.

The endoscope objective lens unit and the endoscope
according to the present embodiment have been described
above; however, the present invention 1s not limited to the
above described configuration, and various modifications
can be made within the scope of the technical 1dea of the
present 1nvention.

REFERENCE SIGNS LIST

10 Endoscope
12 Dastal end portion
14 First flexible tube

16 Operation umt
18 Second flexible tube

20 Connector

22 Processor

30 Image sensor

32 Objective lens unit
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34 Light source unit
40 Cover glass

42 Diaphragm

44, 45 Optical filter
46 Cemented lens

The 1nvention claimed 1s:

1. An endoscope objective lens unit, comprising

at least a front lens group having a negative refractive
power, a diaphragm, and a rear lens group having a
positive relfractive power 1n order from an object side,
wherein

the front lens group includes at least a negative lens
having a concave surface facing an image surface side
and a positive lens having a convex surface facing the
object side,

the rear lens group includes, 1n order from the object side,
at least a positive lens having a convex surface facing
the 1mage surface side and further having a plane
surface on the object side, and a cemented lens 1n which
a positive lens having a convex surface facing the
object side and a negative lens having a concave
surface facing the image surface side are cemented, and

in a case where a focal length of the front lens group 1s 1.,
a focal length of the rear lens group 1s 1,, and a focal
length of a positive lens, 1n the rear lens group, closest
to the diaphragm 1s 1, following expressions (1) and

(2) are satisiied:

12

—1.6<fp/fp<—1.2; and (1)

~1.3<f,/f<=0.7. (2)

2. The endoscope objective lens unit according to claim 1,

5 wherein, 1n a case where an average focal length of positive

lenses 1n the endoscope objective lens umit 1s 1, and a focal

length of the entire system of the endoscope objective lens
umt 1s 1, a following expression (3) 1s satisfied:

JRlf<2.5. (3)

3. The endoscope objective lens unit according to claim 1,
wherein, 1n a case where a focal length of the positive lens
in the front lens group 1s 1, and a focal length of the entire
system of the endoscope objective lens unit is 1, a following
expression (4) 1s satisfied:

10

15

2.0<f5/1<3.0. (4)

4. The endoscope objective lens unit according claim 1,
wherein the front lens group has a configuration in which the
negative lens and the positive lens are arranged 1n order from
the object side.

5. An endoscope comprising:

the endoscope objective lens unit according to claim 1;

an 1mage sensor that receives an object image formed by

the endoscope objective lens unit; and

a light source unit that illuminates the object.
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